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ABSTRACT 


In this paper, an organization with two grades, subjected to exit of personnel due to policy decisions taken by the organization is 
considered. As the exit of personnel is unpredictable a univariate recruitment policy involving two thresholds one is optional and 
other is mandatory is suggested to enable the organization to plan its decision on recruitment. Assuming that the policy decisions and 
exits occur at different epochs, a stochastic model is constructed and the mean time to recruitment is obtained when the loss of 
manpower at each decision epoch are identically distributed constantly correlated and exchangeable exponential random variables, 
thresholds follows independent and identically distributed exponential random variables , the inter-policy decision times are 
identically distributed constantly correlated and exchangeable exponential random variables and inter-exit times form an ordinary 
renewal process. 


KEY WORDS: Two graded manpower system, decision and exit epochs, constantly correlated and exchangeable exponential 
random variable, ordinary renewal process, univariate policy of recruitment with two thresholds, mean time to recruitment. 


1. INTRODUCTION 

Attrition is common phenomenon in many organizations. This leads to the depletion of manpower. Recruitment on every occasion 
of depletion of manpower is not advisable since every recruitment involves cost. Hence the cumulative depletion of 
manpower is permitted till it reaches a level, called the threshold. If the total loss of manpower exceeds this threshold, the 
activities in the organization will be affected and hence recruitment becomes necessary. In [1],[2],[6] & [7] the authors have 
discussed the manpower planning models by Markovian and renewal theoretic approach. In [8],[9] the author has studied the 
problem of time to recruitment for a single grade manpower system and obtained the variance of the time to recruitment when the 
loss of manpower forms a sequence of independent and identically distributed random variables, the inter-decision times form a 
geometric process and the mandatory breakdown threshold for the cumulative loss of manpower is an exponential random variable 
by using the univariate cum policy of recruitment. In [5] the author has initiated the study of the problem of time to recruitment for 
a single grade manpower system by incorporating alertness in the event of cumulative loss of manpower due to attrition crossing the 
threshold, by considering optional and mandatory threshold for the cumulative loss of manpower in this manpower system. In [17] 
the author has studied the problem of time to recruitment for a two graded manpower system, by considering optional and mandatory 
thresholds. In [10] the author has studied the problem of time to recruitment for a two graded manpower system, by considering 
optional and mandatory thresholds using different types for inter-decision times. 


In all the above cited work, it is assumed that attrition takes place instantaneously at decision epochs. This assumption is not realistic 
as the actual attrition will take place only at exit points Which may or may not coincide with decision points. This aspect is taken 
into account for the first time in [3]&[4] the author has studied the problem of variance of time to recruitment is obtained when 
inter-decision times and exit times are independent and identically distributed exponential random variables using univariate policy 
for recruitment and Laplace transform in the analysis. In [11],[12] the author has studied the work in [3],[4] by considering optional 
and mandatory thresholds which considering non-instantaneous exits at decision epochs. Recently, in [13],[14],[15]&[16] the author 
has studied the work in [11],[12] by considering optional and mandatory thresholds for a two graded manpower system which has 
non-instantaneous exits at decision epochs. 


In the present paper, for a two graded manpower system , a mathematical model is constructed in which attrition due to policy 
decision take place at exit points and there are optional and mandatory thresholds as control limits for the cumulative loss of 
manpower. A univariate policy of recruitment based on shock model approach is used to determine the expected time to recruitment 
when the system has different epochs for policy decisions and exits and the inter-decision times are identically distributed constantly 
correlated and exchangeable exponential random variables and loss of manpower follows constantly correlated exchangeable and 
exponential random variable. 
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2. MODEL DESCRIPTION 

Consider an organization taking decisions at random epochs in (0,0) and at every decision making epoch a random number of 
persons quit the organization. There is an associated loss of manpower if a person quits. It is assumed that the loss of manpower is 
linear and cumulative. 


X;- the continuous random variable representing the amount of depletion of manpower (loss of man hours) caused at the i” exit 
point . X; ‘s are identically distributed and constantly correlated exchangeable and exponential random variable with density 
function m(.), distribution function M(.) & Mean 1/a; a>0. 


S, - the total loss of manpower upto the first k exit points. 


p - the correlation between X; and X; where i#j.andb= a(1 — p) 


Uj - continuous random variable representing the time between (j-1)" and j" policy decisions. It is assumed that Uj’s are identically 
distributed constantly correlated and exchangeable exponential random variables with probability density function f(.) , distribution 
function F(.) and mean u. 


R - the correlation between Uj and U; where i#j. and v = u(1-R) 


W, - the continuous random variable representing the time between the (k-1)" and k" exit times. It is assumed that W,’s are 
independent and identically distributed random variables with probability density function g(.), probability distribution function 
G(.) 


N.(t) - the number of exits points lying in (0,t] 


Ya, Yp (Za , Zg). the exponential random variable denoting the optional thresholds for grade A and B with distribution function 


bs d 


if 
H(.), and density function h(.) and mean ,——(—,—) respectively, where Aq, An, L,, Hp are positive. 


a Ap ae By 





Assume that Ya < Za, & Yp < Zp. 


Pp - the probability that the organization is not going for recruitment when optional thresholdis exceeded by the cumulative loss 
of manpower. 


q_ - the probability that every policy decision has exit of personnel. (q#0). 


T - the random variable denoting the time to recruitment with distribution function L(.) ,density function 1(.) , 
mean E(T) 


A’G, a.) - the Laplace-Stieltjes transform and Laplace transform of A(.) and a(.) respectively. 


The univariate CUM policy of recruitment employed in is paper is stated as follows. 


Recruitment is done whenever the cumulative loss of man hours in the organization exceeds the the mandatory threshold. The 
organization may or may not go for recruitment if the cumulative loss of man hours exceeds the optional threshold. 


3. MAIN RESULT 
P(T>t)=P{ Total loss of manpower at the exit points in (0,t] does not exceed Y or the total loss of manpower at the exit points 
in (0,t] exceeds Y but lies below Z and the organization is not making recruitment} 


PUT >t) = P(Sy ¢y SY)+ PW <Sy.y SZ)P 


P(T >t) = y PLN, (t) =kIP(S, <Y)+ p> PIN. (1) =k]P(S, > Y)P(S, <Z) Pe ah) 


k=0 k=0 


From Renewal theory, 


P(N, (t) =k} =G,(t)-G,,,(0) and G,(t) =1 (2) 


From (1), we get 
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P(T>1)= YG, (t)-G,,,(O}P{S, <Y}+ pdG, (t)-G,,,,()}P{S, > Y}P{S, <Z} -- (3) 


k=0 k=0 


Since X;’s are assumed to be identical constantly correlated and exchangeable exponential random variable with parameter a, 
Cumulative distribution of the partial sum is given in 1955, Gurland [7], 


. (kpy Hk +i24) 
G,(y) =( Pa gx kpyk+iaD! 





% 

A 

where @(k +1, Ky) 7 | e © z*** dz, b=a(1-p) and p is the constant 
0 











correlation between Xj; and X; ; i#J. ---(4) 
P(S, <Y)=[G,(y) AQ) dy (5) 
0 
Case- (i): Y = max ( Ya ,Yp) & Z = max ( Za,Zz ). 
Y = max (Y,,Yg) Where Y,, Yg_ are independent and identically distributed exponential random variable with mean a & = 
‘A B 
respectively, and the probability density function h(y) of Y is given by 
h(y) ee ew +A, e8 —(A, $A,je “re” 6 
Using (4) & (6) in (5), 
2 a (kpy Mk +i) 
PIS, <Y)= {dl Ae +A, 6° —(1, £4, Je” ld 
(S, ) Jc (Da epee oT eee ‘A B (A, + Ag) | y 
P(S, <Y¥)=(1—p) [Ay + Ay — Arg | s2'(7) 
P(S, >Y)=1-{d-p)[A, + Ay, —A,, ]} --- (8) 
Proceeding as in the deviation of z, we find that 
P(S, <Z)=(1- p)[ Ay, + Asi — Ase | --- 9) 
1 1 
Where Aiea = oe eS ee ee 
(bA, +1) [d-p+kp)(ba,+)-kp] (bA, +1) [d-p+kp)(ba, +1) —kp] 
= 1 = 1 
S eghG SS ROL eS ee Ea A er = NREL is. cee Cade cao Son 
(D(A, +A, +1) | [d-ptkp\bA, +4,) +) —kp] (bu, +1) ‘[d-pt+kp)bu, +)-kp] 
1 1 
As, = kl 7 Ag = kal > 
(bu, +1) [d-ptkpy\(bu, +)-kp] (b(u,+ Hp) +1) [d-p+kpb(u, + My) +D—-kp] 
--- (10) 


Using (7), (8) & (9) in (3) becomes, 


PUT > 1)=S {GO-GO} p)[Ay + Any — Ax] 


+PYAG,(1)-G,,,O}[1-{d-p)[Ay + Ay, — As }[q-2 [Au + As, — Agy l a= '(L1) 
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L(t) =1—P(T>t) 


L(t)=-- pi {G,)-G,,,0}[A, +A, ~A,]+ pYIG,O-G,,,O) [Ay + As, — Asx | 





~ p= pY{G,)-G, OHA + Ay — Ay |[Au + As, — Agy }} 
d 
I(t) = ee, 
1@)=-- p> {8.0- sus O}An + Ay, —Ay.]+ PS. O- 8 O}[Au + As, - Ag | 


- pd py. gin OH An + Ay, — Ay, |[ Au + As, — Ag, |} 


k=0 


Taking Laplace transform on both sides, 
I(s)=-(1- p){>{(g(s))' -(g(s))" FLA, + Ay — Ay J+ P > {9 (s))' = (9 (s)) 3 [Age + Ase — Ase | 


- pd py{(a(s))! —(g(s))*"}[ Aye + Age — Ase |] Aue + Ase — Ase} 











It can be shown __ that distribution function G(.) of the inter exit times satisfy the relation = 
CO) = Lda) ah, O+ L049) apy --- (13) 
89) = 4, 00 ay)F, (3) +.4p 04g)" (8) Where F, (8) = yn 
gO)=1 and 8 = + —(15) 
B= SPP C + [Ay + An 4 + PUTA + As Aa] 

— p= p)> [Ay +r — Ary [Aue + se Ace J} (16) 


k=0 


Case-II: Y= min( Y,,Y,) & Z=min( Z,,Z,) 
P{S, <¥}=[P(v> X}g,(x)dx 
0 
P(S, <Y)=(- p) Ay, . 
P(S, <Z)=(U—p)A;, where A,, & A,, in (10) 


P(T > 1)=D1G,()-G,,)}0—p)Ay gs pYIG, (t) -G,,,O}[1-{d- p)A,,} [d= Agi | -- 7) 


Using (15) in (17) , we get 
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d-p)v_ 1 1 = # = 

BO) 6: Ay t —pl-p)d A } --- (18) 
21-R) 4, 4s 2, Bk Pd Aa Pp PQ, a4 Ab 

REMARK: 


Computation of E(T) for extended exponential and SCBZ property possessing thresholds is similar for both the cases 
as their distribution will have just additional terms. 


FINDINGS: 

From the above results, the observation are presented which agree with reality. 

1.As A increases, on the average , the inter-decision time decreases and consequently the mean of time to recruitment 
decreases when the other parameters are fixed. 


CONCLUSION: 

The models discussed in this paper are found to be more realistic and new in the context of considering (i) separate 
points (exit points) on the time axis for attrition, thereby removing a severe limitation on instantaneous attrition at 
decision epochs and (ii) associating a probability for any decision to have exit points (i1i)provision of optional and 
mandatory thresholds. From the organization’s point of view, our models are more suitable than the corresponding 
models with instantaneous attrition at decision epochs, as the provision of exit points at which attrition actually takes 
place, postpone the time to recruitment. 
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